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slight, only those small and gentle dust whirls with which all are familiar can be generated and sustained. When, however, the heating is pronounced, as it often is over level, desert regions, the whirl may assume almost tornadic violence. But, however violent, this sort of storm is never a tornado; it originates near the surface and is sustained by the supply of warm air from below, while the true tornado is generated and developed by conditions that occur at the cloud level.
When dust whirls pass on to regions where the surface air is not so strongly heated—over bodies of water, for instance, or green vegetation— they no longer are fed with air relatively so light and, as a rule, quickly come to rest. Naturally, too, their frequency varies with topography, ground covering, latitude, season, and time of day. Thus they are most frequent of afternoons and least of early mornings, most likely to occur during summer and fall and least during winter and spring; most generally found in tropical and semitropical countries and least in regions of high latitude; more numerous over barren surfaces than over water and succulent vegetation; and, finally, more favored by level regions than by irregular and broken ground.
Cumulus Convection.—An interesting and important case of rapid vertical convection resulting from the local application of heat and consequent establishment of strong horizontal temperature contrasts is that displayed by the turbulence of the cumulus cloud. That strong vertical and irregular movements of the air often occur in large cumulus clouds is known from the rapid boiling and rolling motions of their upper portions, from the descriptions of aeronauts who have been caught up in the heart of a thunderstorm, and from the formation of hail within them. This latter phenomenon implies very definitely, for the smallest stones, an uprush of at least 8 to 10 meters per second (20 miles per hour). This, in turn, on the theory of the chimney-like action of a warm central column of air, would demand the equivalent of a column 1500 meters high and 1° C. warmer throughout than the surrounding atmosphere at the same level. Large stones imply a much greater velocity.
The chief cause of the horizontal temperature contrasts necessary to this rapid uprush obviously is the difference between the current temperature gradient of the surrounding atmosphere and the adiabatic gradient of the saturated air within the cloud itself, full details of which will be given in the chapter on the thunderstorm.
The common level, therefore, of a considerable number of detached but neighboring cumuli is one of rather vigorous convection—up within the clouds and down between them—however free from turmoil the atmosphere may be at other altitudes.
Valley Breeze.—During warm, clear days, when there is but little or no general wind, a gentle breeze, known as the valley breeze, often blows up the sides of mountains. The strength of this breeze varies greatly,

